The Black Sea, bordered by six nations with different economic conditions, languages, cultures, and traditions; with six sets of national territorial waters; and with separate fisheries and environmental management arrangements (Duzgunes and Erdogan 2008) , is an area of great geopolitical tension (Fig. 1) . The Ukraine, Bulgaria, Romania, Russia, and Georgia were all centrally planned countries until the collapse of the Soviet system and are at various stages in the transition toward Western-style democracies. Because of its important strategic location in terms of international transport of oil and gas, the Black Sea was subject to intense pressure to open up trade and make new political alliances following the collapse of the Soviet Union and the end of the cold war (Vlad et al. 2009 ). Romania and Bulgaria acceded to NATO in 2004 and to the European Union in 2007. Turkey is also a NATO member and candidate for accession to the EU. The relatively sudden shift in the balance of power in the Black Sea region toward more western allied nations provides the context for regional cooperation. Although the accession of Romania and Bulgaria to the EU offers Europe strategic access to the Black Sea (Suárez de Vivero and Mateos 2006) , this accession also brings with it obligations for environmental management and sustainable development under the MSFD and several other directives including the Water Framework Directive (WFD; European Commission 2000), the Urban Waste-Water Treatment Directive and the Nitrates Directive (Commission of the European Communities 1991a, b). This situation was not limited to the six coastal countries of the Black Sea but also to the 11 noncoastal countries of the Danube Basin, nine of which are members or aspirant members of the EU and are obliged to comply with the WFD and EU farming policy (the Common Agricultural Policy). As a result of the clear urgency of the environmental problems of the Black Sea, in particular chemical pollution and severe eutrophication on the northwestern shelf, the Black Sea littoral states agreed in the early 1990s to the "Bucharest Convention against Pollution of the Black Sea," a legal convention whose implementation is promoted by the Black Sea Commission. This was backed up with a Ministerial level policy statement, the Odessa Declaration, signed in 1992 (Hey and Mee 1993) . Negotiations for a new fisheries convention have been continuing at a very slow pace for the past two decades. The Commission's environmental strategy (BSC 2009) sets out a series of ecological quality objectives that include a commitment toward integrated management elimination of eutrophication and as a priority "[s]ustainable use of commercial fish stocks and other marine living resources" (BSC 2009). It is unclear, however, whether the obligations of the EU Member States, Romania and Bulgaria, under the MSFD can be met within a shared sea with differing political regimes even within the shared framework of the Black Sea Convention.
The geopolitical complexity of the Black Sea region poses a major challenge to achieving regional environmental goals. Understanding the specific spatial characteristics of individual environmental problems may help to illuminate potentially effective management strategies. The aim of this paper is identify spatial mismatches constraining marine environmental management in the Black Sea region and to explore the aspects of governance that can be improved to address these mismatches. A simple classification of scale mismatches (based on Cumming et al. 2006 ) is developed. Detailed driver, pressure, state, analysis for eutrophication and Black Sea fisheries are presented and the scale mismatch classification is applied. The mismatches are used to identify the qualities of a more effective management regime and associated governance.
METHODS: DPSWR ANALYSIS AND DECISION SPACE ANALYSIS MAPS
The driver, pressure, state, impact, response (DPSIR) cycle and its successors, modified DPSIR (mDPSIR; Langmead et al. 2009 , Knudsen et al. 2010 , Atkins et al. 2011 ) and DPSWR where the term impact is replaced with welfare (Cooper 2013) , are well tested and widely used conceptual frameworks for analysis of social/ ecological problems including in marine systems (Borja et al. 2006 , Langmead et al. 2009 , Knudsen et al. 2010 , Atkins et al. 2011 ); here we follow Cooper's DPSWR model (2013) . Drivers are economic and social forces resulting from government policies, markets, and private industry. Pressures are the ways these drivers place demands upon ecosystems. Pressures are at the interface between the social and ecological components of the system, caused by the social part of the system, but occurring within the ecological part. State changes are environmental changes occurring to the ecosystem resulting from pressures. Welfare is the change in human welfare attributable to these state changes. The management response to a particular problem may then be directed toward any of the other elements (D, P, S, or W) in an effort to achieve a balance between the benefits of economic and social development and ecosystem costs (Cooper 2013 ).
Social-ecological scale mismatches occur where "human institutions do not map coherently on to the biogeophysical scale of a resource in space or time" (Cash et al. 2006) . Despite considerable academic interest in the idea of scale mismatch (e.g., Cumming et al. 2006 , Henle et al. 2010 ) the concept is rather abstract and there is little evidence that the theory behind scale mismatch literature is being integrated into environmental policy (Kok and Veldkamp 2011) . Figure 2 introduces a simple classification of scale mismatches based on the work of Cumming et al. (2006) 
RESULTS
The Danube catchment nutrient management and eutrophication in the northwest shelf Driven by the intensive agricultural production of centralized economies and receiving 70% of its nutrient load from the River Danube, the northwestern shelf of the Black Sea was experiencing primary symptoms of eutrophication by the 1970s (Bodeanu 2002 , Mee et al. 2005 . By the 1980s, secondary symptoms including hypoxia and mass mortality of benthic flora and fauna were occurring (Cociasu et al. 1996) . The collapse of the centralized governments and the resulting deintensification of agriculture, the main driver of eutrophication, were followed by signs of recovery (Mee et al. 2005 , Mee 2006 ; Fig. 3 -inset graph).
The DPSWR components for eutrophication in the present period are summarised in Figure 2 . The principal drivers for eutrophication in the northwest shelf of the Black Sea did not disappear with the collapse of the Soviet Union; agriculture is still a major activity and source of income in the lower Danube countries. Agricultural subsidies are prevalent throughout the EU nations in the Black Sea catchment with a total of almost €32bn paid through the Common Agricultural Policy (CAP) to Danube catchment countries between 2008 and 2010, providing a driver of eutrophication (http://farmsubsidy.org). The other major driver of eutrophication, the production of wastewater, follows the level of human population within the catchment. The change in environmental state, evidenced by an increase in lower trophic level biomass and the resulting oxygen depletion, is mainly confined to the northwest shelf of the Black Sea, both in Romanian and Bulgarian waters and, outside European Union jurisdiction, in the Ukrainian shelf waters.
Although there is no direct measure of the economic value of the changes in human welfare caused by eutrophication, choice experiments have indicated considerable willingness to pay for improvements in water quality at a local level (Taylor and Longo 2010) . Nations within the catchment have very different economic conditions with the wealthier nations such as Austria and Germany having a GDP per capita of more than 10 times that of the poorest country in the catchment, Moldova (Fig. 4) .
Responses are in place in the Danube catchment to tackle the eutrophication problem, both at the EU level (see Fig. 3 ) through the WFD, the urban waste water treatment, and nitrates Directives, and at the regional level through the International Commission for the Protection of the Danube River (ICPDR). Over €4bn was spent to reduce eutrophication in the period 2000 -2005 (ICPDR 2007 ). The major investment was on improvements to waste water treatment facilities (€3.7bn), a technical solution which decouples the driver of waste water production from the pressures caused by nutrient loading. A further €6.2bn is expected to be spent on urban wastewater http://www.ecologyandsociety.org/vol19/iss3/art54/ treatment under the current joint Programme of measures which extends to 2015 (ICPDR 2012) . However, for nitrogen limited offshore eutrophication under the jurisdiction of the MSFD, the major driver of eutrophication is agriculture and the associated diffuse nutrient pressures has received relatively little investment in the past (€0.1bn; ICDPR 2007) and although legislation is in place to reduce diffuse agricultural sources of nitrogen there are no firm budgets for reduction of diffuse nutrients (ICPDR 2012) . Considerations of the spatial scales of the DPSWR elements for nutrient pollution in the Danube catchment clearly indicate a grain scale mismatch. Although there are institutions in place with jurisdiction over the entire catchment area over which the pressure and state changes occur, enforcement and compliance are the two major barriers to achieving the goals of the ICPDR and the WFD (ICPDR 2007) . Neither the ICPDR nor the EU can effectively respond to the diffuse agricultural pressures ultimately generated at the scale of individual farms. The Danube is the most international river catchment in the world and although EU regulation and structures for international cooperation (ICPDR) cover most or all of the spatial extent of the Danube catchment, at the national levels, the historical, economic, financial, and institutional differences between nations within the catchment and their differing histories of integration within the European Union (Fig. 4) result in differing capacities to respond to environmental problems at the requisite spatial scales.
There are also a number of other scale mismatches that affect the goal of avoiding eutrophication in the Black Sea. The first problem is a grain mismatch. The regional agreements for the Black Sea (Bucharest Convention, Black Sea Action Plan) involve the six Black Sea coastal countries; agreement on measures to control eutrophication under this framework include Russia, Georgia, and Turkey, countries that are less affected by the phenomenon and have a much smaller contribution to it than the other Black Sea countries and those of the Danube basin. That is, the state changes caused through reduced eutrophication occur on scales smaller than the scale of the international response. As a result, measures under the Bucharest Convention tend to be quite "soft," perhaps reflecting the reluctance of the eastern seaboard countries to agree to commit themselves to costly action that do not appear to bring concomitant benefits. In hindsight, it would have been much easier to set a scale for a regional political agreement from the outset that covered the Danube and Dnipro basins and the entire northwest shelf of the Black Sea, rather than negotiating this on a piecemeal basis. Goulding et al. (2014) summarize the history of overfishing in the Black Sea, following the collapse of the larger, higher value species. The major fisheries currently being exploited in the Black Sea are those for small pelagic species, anchovy and sprat.
Management of small pelagic fisheries in the Black Sea
The major elements of the DPSWR for small pelagic fisheries in the Black Sea are shown in Figure 5 . Figure 5 clearly illustrates the prominence of the Turkish fishery in the Black Sea both in terms of numbers of fishing ports and the landings of fish. Turkish demand for fish protein is the principal driver for Black Sea small pelagic fisheries.
Turkish fisheries constitute the major pressure on the fish stocks and make up about 80% by weight of the Black Sea catch (BSC 2008) with anchovy being by far the largest fishery followed by sprat (Daskalov and Ratz 2011) . Legal fishing activities are mainly restricted to territorial waters though between 10 and 50% of the anchovy landed in Turkish ports is caught in Georgian waters (Özturk 2013 
; S. Knudsen, personal communication).
The main targeted stocks migrate throughout the Black Sea, and the state of the stocks is dependent on the condition of the spawning grounds found predominantly in the north and west and wintering areas found in the south and east as well as the level of fishing effort. Thus the state of the stock depends on activities throughout the region.
The small pelagic fisheries in the Black Sea are a considerable generator of welfare in the region. Historically the Black Sea's fisheries supported approximately 150,000 fishers, with up to two million dependents (including up-and downstream activities; Caddy 1992) . Catch values were estimated to have declined by about US$240 million over the decade up to the early 1990s. Knowler (2008) reported the modeling of nutrient-induced eutrophication and its impact on the commercial anchovy fishery in the Black Sea over two periods (1971-86 and 1987-93) , showing that the effects of the nonindigenous comb jelly Mnemiopsis leydii reduced the profits of Black Sea anchovy fishery from over $17 million per year to under $300,000.
There is no jointly nominated scientific body responsible for delivering scientific advice, and no forum for coastal states to make decisions regarding the shared and straddling stocks, which comprise the most important commercial fisheries. Agreement on the text of a Legally Binding Document on Fisheries and the Conservation of Living Marine Resources (LBDFCLR) has been undermined by political disagreements, most recently in 2007 regarding EU desire to accede to the Bucharest Convention on the Protection of the Black Sea Against Pollution. Furthermore the different levels of engagement in global governance agreements related to exploitation of living marine resources (Table 1 ) also relieves governments from a commitment to seek agreements on fishing. In particular, the nonparticipation of Turkey in UNCLOS, while being the main fishing nation, is an obvious barrier. There is a clear incentive for Turkey to engage Daskalov and Ratz (2011) . Migration patterns redrawn from Ivanov and Beverton (1985) .
with its neighbors to restore and protect Black Sea habitats, as spawning grounds for example, but no obvious incentive to broker agreements for maintaining stocks as they dominate fisheries and in current circumstances would continue to do so, even if the activity were restricted to their own waters.
The spatial domain over which management of the pressure and state of the stocks is required is larger than, and extends beyond, the spatial domain of European legislation under the MSFD and the EU Common Fisheries Policy. Thus, there is a clear extent mismatch between the European jurisdiction, the pressure, and state of the small pelagic fisheries. Attempts to achieve GEnS and maximum sustainable yield for small pelagic stocks through measures at the EU level clearly cannot be effective until this mismatch is addressed.
DISCUSSION
At the heart of both of the above examples of environmental problems are trade-offs between the benefits created by economic sectors (drivers of fisheries and agriculture) and the costs of the environmental state changes caused by these activities. In the case of eutrophication, the costs of improving environmental management in the Danube catchment, to be borne largely by the agricultural sector, must be balanced against the environmental and economic benefits of improving water quality in the northwestern shelf of the Black Sea, as well as similar considerations in the riverine system itself. In the case of the small pelagic fisheries, both the costs (of implementing improved fishing practices) and the benefits (of increased sustainability of the small pelagic fisheries) relate directly to the fishing industry.
Despite holding legal jurisdiction in most of the Danube catchment, and being the major contributor of economic subsidy to the agricultural industry in the area, the European Union to date has not demonstrated the ability to improve agricultural practices at the spatial scales required to address diffuse pollution. This results from the mosaic of national economic and social conditions within the catchment. All EU Member States in the catchment have published their first River Basin Management Plans under the WFD and the European Commission (2012) published its first detailed assessment of these plans. Key findings include:
. Many Member States heavily rely on existing measures under policies such as the Nitrates Directive. . There is a need to establish clear mandatory baseline requirements for farmers, above which additional support can be given.
Addressing diffuse pollution is key to achieving the marine environmental objectives of the EU both under the WFD and MSFD. The legislative instruments relevant to improved farming practices (WFD, nitrates Directive) are not integrated with the legislative instruments directed at the marine environment. For example the nitrates Directive requires Member States to designate "nitrate vulnerable zones" but when it was developed the legislation did not envisage these areas to cover large agricultural areas and extend over vast areas of continental shelves into the exclusive economic zones of neighbouring states (as is the case in the Black Sea).
Integrating considerations of the benefits from reduced eutrophication in the northwest shelf of the Black Sea with the creation of mandatory baseline requirements for farmers and the distribution of rural development funds under the CAP could provide a financial mechanism improving the EU ability to address diffuse pollution at a fine spatial scale and to mitigate the current grain scale mismatch. This would result in a case of not quite where the "polluter pays" but more where the "polluter doesn't receive a subsidy." Such a response would make the tradeoff between agricultural activity and environmental health explicit at a local level, i.e., internalize the current externality. However, given that the Commission acknowledges the limited extent of the knowledge linking pressures and states in some EU Member States, and the clear economic disparity across the region (Fig. 3) , such an approach cannot be taken without improving national capacity in some states to implement reform. Any effective regional strategy must also account for the fact that in poorer nations that are particularly reliant on agriculture, e.g., Moldova, the costs of improved environmental management may be disproportionately onerous.
The lack of a regional fisheries management agreement in the Black Sea results in the tragedy of the commons at an international scale (Hardin 1968) and is compounded by geopolitical tensions. Given the lack of a regional agreement, the benefits of unilateral actions by EU Member States to improve management of small pelagic fisheries may not accrue to the Member States themselves but to Turkish fishers. As with the case of the grain scale mismatch observed for eutrophication, the extent mismatch between EU legislation and fish stock and fishing pressure distribution results in the unequal distribution of costs and benefits. Overcoming this difficulty requires a regional fisheries agreement to be concluded and then enforced.
In spite of the absence of a Regional Fisheries Management Organisation for the Black Sea and an associated concrete framework for scientific cooperation, some progress has been made on developing a rational basis for fisheries management decisions. In 2011, the European Commission's Scientific and Technical Committee for Fisheries (STECF) established an Expert Working Group on Assessment of Black Sea Stocks that has sought to prepare analytical assessments of stocks for sprat, turbot (Scophthalmus maeoticus), anchovy (Engrualis encrasicolus), whiting (Merlangius merlangus), horse mackerel (Trachurus mediterraneus), piked dogfish (Squalus acanthias), and rapana whelk (Rapana venosa; Daskalov and Ratz 2011) . Despite imprecise data, these assessments were able to define levels of fishing mortality consistent with maximum sustainable yield for sprat, turbot, anchovy, and whiting, a level of exploitation that is broadly accepted as the primary indicator of GEnS for commercial fisheries descriptor (3) under the MSFD. The General Fisheries Commission for the Mediterranean has also established an ad hoc working group on the Black Sea that held its first meeting in Romania in January 2012 (GFCM Secretariat 2012 and recommended a road map to help GFCM and countries to clearly identify areas of cooperation and technical assistance in fisheries science.
There has been no recent comprehensive study of the current value of the fishery, and the potential socioeconomic costs and benefits of achieving GEnS in the Black Sea. Therefore, in parallel with the emergence of a better understanding of the potential yields of the fisheries, and in particular identification of the reference levels for several key fish stocks, there is now an opportunity for an updated socioeconomic analysis of the costs and benefits of regional fisheries management organization. Goulding et al. (2014) present the first step in this process, an economic assessment of the potential benefits of a Black Sea fishery managed toward maximum sustainable yield. http://www.ecologyandsociety.org/vol19/iss3/art54/ Recognition of the potential contribution of well-managed fisheries to the economies of Black Sea riparian states and their coastal regions based on such an analysis, and viewing fisheries management measures as potential investments could inform the ongoing political discussions on a joint management approach on fisheries management, independent of the geopolitical interests expressed in other regional management fora.
Understanding the scale-mismatches and social aspects of the system may help to direct our institutional responses more efficiently toward improving management of the Black Sea but they are not the only challenge to achieving good environmental status in the region. Significant ecological characteristics of the Black Sea and its recovery still provide major research challenges. Oguz et al. (2012) describe a spatial asymmetry in the recovery of the Black Sea from overfishing, with southern waters recovering more rapidly than those of the northwest shelf.
Recovery from eutrophication has also been partial. Although nutrient loads and phytoplankton blooms have declined in the northwest shelf, the food web has not returned to its previous structure and significant flow now diverted to the jelly component of the food web (Oguz and Velikova 2010) . Systematic collection of time series data is essential in assessing the ecological recovery of the Black Sea and this also requires a solid institutional cooperation at the appropriate spatial scales.
CONCLUSIONS
The analysis presented above illustrates how a systematic approach to the analysis of scale mismatch can provide a useful framework for understanding problems in the management of social-ecological systems. Our classification of mismatches developed from Cumming et al. (2006) has the benefit of being integrated with the tried and tested DPSWR framework which, when combined with the decision space analysis maps, has the potential to communicate complex issues of scale and to be more broadly applied in practical management fora.
Our analysis using this classification has illustrated two different kinds of scale mismatch: a grain mismatch caused by the inability to manage activities at a local scale and an extent mismatch caused by a lack of regional cooperation resulting from the geopolitical tensions in the region. What is common to both cases examined above is that those groups bearing the costs of improved environmental management are not the same groups as those experiencing the benefits of the improved environmental management. Identification of scale mismatch helps to target the potential solution in terms of developing and enhancing governance structures at the appropriate scales.
Achieving GEnS in EU waters for the commercial fisheries and eutrophication descriptors of the MSFD in the Black Sea is subject to severe constraints. Within the Danube catchment it is important to stress that delivering the environmental objectives of the Black Sea depends upon the full implementation of a range of EU law other than the MSFD. The analysis in this paper has focused on measures on agriculture within the Water Framework Directive (WFD), but measures need to be taken on other sources of pollution and specific Directives, such as on Urban Waste Water Treatment, Nitrates and Industrial Emissions, need to be fully implemented. Thus pressure on the catchment states to ensure full compliance is needed, such as by the European Commission and stakeholders within those Member States.
With regard to other littoral states, Bulgaria and Romania need to communicate their analyses of the relative importance of different pressures affecting GEnS arising from activities of those states, seeking bilateral or multilateral solutions to those pressures, where possible highlighting the economic case for addressing those pressures. Historic experience has shown that reaching such agreements is difficult.
Addressing these issues requires improved governance. Within Bulgaria and Romania management structures need fully to integrate MSFD and WFD assessments, measures, and planning. Governance changes are also needed fully to integrate the economic cases for controls of pressures. This becomes even more evident in seeking agreements with countries either in the Danube catchment or other littoral states of the Black Sea. The limited ability of the Black Sea Commission to be effective across a range of issues is of concern, although agreement within the Commission may be accelerated if the economic case for change is made.
Responses to this article can be read online at: http://www.ecologyandsociety.org/issues/responses. php/6707
